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MULTILEVEL MODULATOR CAPABLE OF PRODUCING A COMPOSITE MODULATED SIGNAL COMPRISING 
A QUADRATURE AMPLITUDE MODULATED COMPONENT AND A PHASE MODULATED COMPONENT 



Background of the Invention: 

This invention relates to a multilevel modulator capable of producing a composite modulated signal in 
5 response to a main data signal and a subdata signal and to a muitilevel demodulator for use as a 
counterpart of the multilevel modulator. 

A multilevel modulating system of the type described is exemplified in United States Patent No. 
4,498,050 issued February 5. 1985, to Yasuharu Yoshida, the instant applicant and assigned to NEC 
Corporation. This system is a composite PSK-PSK modulating system which comprises a 2 k -phase PSK 
ra modulated component carrying the main data signal and a 2-phase PSK modulated component carrying the 
subdata signal where k represents a positive integer. In the system, the main data signal has a first bit rate 
f, which fs not less thai a second bit rate f 2 of the subdata signal. As a result the subdata signal can be 
effectively transmitted without adversely affecting a bit error rate of the main date signaL 

ht the meanwhile, a multilevel quadrature amplitude modulating system has recently become the center 
rs of a digital transmission system. In the multilevel quadrature amplitude modulating system, a pair of 
quadrature-phase carrier signals are amplitude modulated by first and second input signals into a multilevel 
quadrature amplitude modulated signal. When each of the first and the second input signals is an n-bit 
binary signal where n fs a positive integer which is not less than two, the multilevel quadrature amplitude 
modulated signal has 2 2n output signal points on a phase plane which has an origin and real and imaginary 
20 axes orthogonally crossing at the origin. Such the multilevel quadrature amplitude modulator is exemplified 
in United States Patent Application Serial No. 779,217 filed September 23, 1985, by Junichi Uchibori et al. for 
assignment to NEC Corporation. 

The multilevel quadrature amplitude modulator can effectively utilize a carrier level. Therefore, a large- 
capacity digital radio communication network ordinarily comprises the multilevel quadrature amplitude 
25 modulator. 

By the way, the conventional composite modulating system is restricted to the PSK modulation. 
Namely, the conventional composite modulating system can not be applied to the multilevel quadrature 
amplitude modulating system. 

30 

Summary of the Invention: 

ft is therefore an object of this invention to provide a multilevel modulator capable of producing a 
composite modulated signal comprising a quadrature amplitude modulated component and a phase 

35 modulated component in response to a main data signal and a subdata signal each of which has different 
bit rates and which are supplied to the modulator as input signals. 

ft is another object of this invention to provide a multilevel demodulator which is for use as a 
counterpart of the multilevel modulator of the type described above. 

A multilevel modulator to which this invention is applicable is for modulating first and second main data 

40 signals and a subdata signal into a composite modulated signal Each of the first and the second main data 
signals is represented by first through n-th bits where n is a positive integer which is not less than two. The 
subdata signal is represented by one of first and second binary values at a time. The multilevel modulator 
comprises modulating means responsive to the first and the second main data signals and the subdata 
signal for modulating the first and the second main data signals and the subdata signal into the composite 

45 modulated signal comprising a quadrature amplitude modulated component and a phase modulated 
component. The quadrature amplitude modulated component is modulated by the first and the second main 
data signals and has 2 2n output signal points on a phase plane. The phase modulated component is 
modulated by the subdata signal. 

A multilevel demodulator to which this invention is applicable is for demodulating a composite 

50 modulated signal comprising a multilevel quadrature amplitude modulated component modulated by first 
and second main data signals and a phase modulated component modulated by a subdata signal. Each of 
the first and the second man data signals is represented by first through n-th bits and has a first bit rate f 
The subdata signal is represented by one of first and second binary values at a time and has a second bit 
rate f 2 which is not greater than the first bit rate divided by a predetermined natural number m. The phase 

2 
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modulated component has a phase difference of 2a radian when the subdata signal is represented by a 
predetermined one of the first and the second binary values where a is not greater than viz 2 *. The 
multilevel demodulator comprises detecting means for phase detecting said composite modulated signal to 
produce first and second phase detection signals.- According to thisrlnV§rtti6rC the multilevel demodulator 
further comprises reproducing means coupled to the detecting means for reproducing a reproduced 
subdata signal and first and second reproduced main data signals in response to the first and the second 
phase detection signals. 

In the manner which will later be illustrated, the amplitude modulated component is represented on a 
phase plane by a radius from an origin. The phase modulated component is represented by a clockwise or 
a counterclockwise shift 

Brief Description of the Drawing: 

Fig. I is a block diagram of a multilevel modulator according to a first embodiment of this invention; 
Rg. 2 shows an output signal point arrangement of a composite modulated signal produced by the 
multilevel modulator illustrated in Rg. I; 

Rg. 3 is a block diagram of a multilevel modulator according to a second embodiment of this 
invention; 

Rg. 4 is a block diagram of a multilevel demodulator for use as a counterpart of the multilevel 
modulator illustrated in Rg. I; 

Rg. 5 is a block diagram of a subdata producing circuit and a selecting unit operable as a part of the 
multilevel demodulator Illustrated in Rg. 4; * 

Rg. 6 Is a block diagram of a multilevel demodulator according to another aspect of this invention; 

Rg. 7 Is a block diagram of a subdata reproducing circuit operable as a part of the multilevel 
demodulator illustrated In Rg. 6; 

Rg. 8 is a view for use in describing operation of the subdata reproducing circuit illustrated in Rg. 7; 

Rg. 9 is a block diagram of a multilevel demodulator according to still another aspect of this 
invention; 

Rg. 10 is a block diagram of a subdata reproducing unit operable as a part of the multilevel 
demodulator illustrated in Rg. 9; 

Rg. II is a view for use in describing operation of the subdata reproducing unit illustrated in Rg. 10; 

Rg. 12 is a view for use in describing operation of the subdata reproducing unit illustrated in Rg. 10; 

Rg. 13 is a block diagram of another subdata reproducing unit operable as a part of the multilevel 
demodulator illustrated in Rg. 9; 

Rg. 14 is a block diagram of a main data reproducing unit operable as a part of the multilevel 
demodulator illustrated in Rg. 9; and 

Rg. 15 is a view for use in describing operation of the main data reproducing unit illustrated in Rg. 14. 

Description of the Preferred Embodiments: 

Referring to Rg. I, a multilevel modulator according to a first embodiment of this invention is similar to a 
conventional four-by-four quadrature amplitude modulator except for a phase modulator 20. The multilevel 
modulator is for use in modulating first and second main data signals MPI and MQI and a subdata signal 
SUB into a composite modulated signal CM. Each of the first and the second main data signals MPI and 
MQI is represented by n bits where n represents a positive integer which is not less than two. Ordinarily, 
the n bits are processed in bit parallel. It will be assumed merely for brevity of description that the positive 
integer is equal to two. 

It will be assumed that the first main data signal MPI is of a channel P and is represented by first and 
second bits XI and X2. The second main data signal MQI is of another channel Q and is represented by first 
and second bits Yl and Y2. Each of the first and the second main data signals MPI and MQI is therefore 
capable of representing four levels. Each of the first and the second main data signals MPI and MQI has a 
first bit rate f,. The subdata signal SUB is represented by a single bit namely, one of first and second 
binary values which may be binary values "P and "0". The subdata signal SUB has a second bit rate f 2 
which is equal to Wm where m is a positive integer which is not smaller than two. 
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The phase modulator 20 is supplied with a carrier oscillation signal SCI from a local oscillator 21 and is 
supplied with the subdata signal SUB. The phase modulator 20 is for phase modulating the carrier 
oscillation signal SCI by the subdata signal SUB and produces a phase modulated signal SC2. For example, 
the phase modulated signal SC2 has a first predetermined phase difference relative to the carrier oscillation 

s signal SCI when the subdata signal SUB has the binary value "XT. When the subdata signal SUB has the 
binary value T, the phase modulated signal SC2 has a second predetermined phase difference relative to 
the carrier oscillation signal SCI. The first and the second predetermined phase differences should have a 
common absolute value a which should not be greater than W2 2n radian. In the example being illustrated. 
0.19 radian is selected as the common absolute value a. 

10 The multilevel modulator comprises a first digital-to-analog converter 22 supplied with the first main 
data signal MPl and a second digftaHo-analog converter 23 supplied with the second main data signal MQL 
The first digttaMo-analog converter 22 converts the first main data signal MR to a first analog signal. The 
second digitaHo-analog converter 23 converts the second main data signal MQI to a second analog signal. 
Each of the fast and the second analog signals has an amplitude level determined by a pertinent one of the 

rs first and the second main data signals -MPl and MQI. The first and the second analog-signals are delivered 
through first and second low-pass filters 24 and 25 to first and second amplitude modulators 26 and 27 as 
first and second modulating signals MPil and MQIl, respectively. 

The phase modulated signal SC2 is delivered to the first amplitude modulator 20 as a first carrier signal 
SQO and supplied through a W2-phase shifter 28 to the second amplitude modulator 27 as a second carrier 

a signal SC20. The first carrier signal SQO has a quadrature phase difference relative to the second carrier 
signal SC20. The first and the second amplitude modulators 28 and 27 amplitude modulate the first and the 
second carrier signals SQO and SC20 by the first and the second modulating signals MPII and MQIl, 
respectively. 

The first and the second amplitude modulators 26 and 27 produce first and second modulated signals 

25 MPI2 and MQI2 and deliver the first and the second modulated signals MPI2 and MQI2 to a multiplexer 29. 
The multiplexer 29 multiplexes the first and the second modulated signals MPI2 and MQI2 into the 
composite modulated signal CM. it is seen that the composite modulated signal CM comprises a multilevel 
quadrature amplitude modulated component and the above-described phase modulated component The 
multilevel quadrature amplitude modulated component is modulated by the first and the second main data 

so signals MPl and MQL The composite modulated signal CM has sixteen output signal points on a phase 
plane as will later be described. The composite modulated signal CM is transmitted to a multilevel 
demodulator through a transmission medium. 

Referring to Fig. 2, the phase plane is defined by an origin 0 and real and imaginary axes X and Y 
orthogonally crossing at the origin 0. The real and the imaginary axes X and Y represent the first and the 

35 second modulated signals MP12 and MQ12 of the respective channels P and Q. The sixteen output signal 
points are depicted at Aii or Bij, where I and j are positive integers which are not greater than four. The 
output signal points Aij are derived when the subdata signal SUB has the binary value "0" and 
consequently when the phase modulated signal SC2 has the first predetermined phase difference relative to 
the carrier oscillator signal SCI. Each pair of the output signal points Aij and Bij has a phase difference 

40 which is equal to twice the common absolute value a. Additional signal points Cfj are depicted at midpoints 
of the output signal points Aij and Bij along concentric circles. The additional signal points Cij have 
amplitude levels ±L and ±3L These amplitude levels ±L and *3L are used as reference levels on 
reproducing the first and the second main data signals MPl and MQI in the multilevel demodulator as will be 
described later. 

45 Refer ring to Fig. 3, a multilevel modulator according to a second embodiment of this invention is similar 
to that illustrated in Fig. L The multilevel modulator, however, does not comprise the phase modulator 20 
described in connection with Rg. I. Instead, the multilevel modulator comprises first and second converting 
units 30 and 31, each of which is supplied with the first and the second main data signals MPl and MQI and 
the subdata signal SUB. The first converting unit 30 comprises a first read-only memory 32 and a first 

so digitaMo-analog converter 33. Likewise, the second converting unit 31 comprises a second read-only 
memory 34 and a second first digital-to-analog converter 35. Bich of the first and the second converting 
units 30 and 31 converts the first and the second main data signals MPl and MQI and the subdata signal 
SUB to first and second analog signals MP2I and MQ2L Each of the first and the second analog signals 
MP2I and MQ21 has an amplitude level which is determined by the first and the second main data signals 

ss MPl and MQI and is modified by the subdata signal SUB. In other words, each of the first and the second 
analog signals MP2I and MQ2I can be regarded as a phase modulated signal in which each of the first and 
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the second main data signals MPI and MQI is phase modulated by the subdata signal SUB. The first and 
the second analog signals MR2I and MQ2I are delivered through the first and the second low-pass filters 24 
and 25 to the first and the second amplitude modulators 26 and 27 as first and second modulating signals 
MP22 and MQ22, respectively. . u u 

s The carrier oscillation signal SCI is supplied directly to the first amplitude modulator 26 as a first carrier 
signal SCII and. through the »/2-phase shifter 28, to the second amplitude modulator 27 as a second carrier 
signal SC2I. The first and the second amplitude modulators 26 and 27 amplitude modulate the first and the 
second carrier signals SCII and SC2I by the first and the second modulating signals MP22 and MQ22 into 
first and second modulated signals MP23 and MQ23. respectively. The first and the second modulated 
to signals MP23 and MQ23 have amplitude levels which are equal to orthogonal projections of the output 
signal points Aij or Bij (Fig. 2) to the real and the imaginary axes X and Y. 

In order to derive the composite modulated signal CM having a high accuracy, it is desirable that each 
of the first and the second read-only memories 32 and 34 has an increased number of output bits. However, 
each of the first and the second read-only memories 32 and 34 may have eight bits for the four-by-four 
re quadrature amplitude modulator. 

In Fig. 3, the multilevel modulator is compact as compared with the multilevel modulator illustrated with 
reference to Fig. I. Furthermore, it is unnecessary with the multilevel rriodulator of Rg. 3 to keep bit 
synchronism between each of the first and the second main data signals MPI and MQI and the subdata 
signal SUB and is possible to use a limited common bandwidth for the first and the second main data 
so signals MPI and MQI and the subdata signal SUB. 

Referring to Figs. 4 and 5, a multilevel demodulator is for use as a counterpart of whichever of the 
multilevel modulators illustrated with reference to Figs. I and 3 and is for demodulating the composite 
modulated signal produced by the multilevel modulator. The multilevel demodulator comprises a phase 
detector 40, a subdata reproducing unit 41. a processing unit 42. and a selecting unit 43. 
25 The phase detector 40 is supplied with the composite modulated signal indicated at CM'. The phase 
detector 40 carries out phase detection of the composite modulated signal CM' and produces a first phase 
detection signal as a first analog signal OP of the channel P and a second phase detection signal as a 
second analog signal DQ of the other channel Q. Each of the first and the second analog signals DP and 
DQ has amplitude levels which are equal to orthogonal projections projected to the real and the imaginary 
30 axes X and Y on the phase plane as described in relation to Rg. 2. 

The subdata reproducing unit 42 is for reproducing a reproduced subdata signal SUB' and comprises 
first and second analog-to-digital converters 44 and 45 and subdata producing circuit 46. Each of the first 
and the second analog-to-digital converters 44 and 45 has four reference levels depicted in Rg. 2 at ±L and 
*3L. The first and the second analog-to-digital converters 44 and 45 are for discriminating the amplitude 
35 levels of the first and the second analog signals DP and DQ. The first analog-to-digltal converter 44 
produces a first digital signal as a first subdata discrimination signal SDP represented by first and second 
bits XIO and X30. The second analog-to-digital converter 45 produces a second digital signal as a second 
subdata discrimination signal SDQ represented by first and second bits YIO and Y30. The first bits XIO and 
YIO of the first and the second subdata discrimination signals SDP and SDQ are for discriminatina one of 
ao quadrants of the phase plane. 

The subdata producing circuit 46 is supplied with the first and the second subdata discrimination 
signals SDP and SDQ. As shown in Rg. 5. the subdata producing circuit 46 comprises Exclusive OR and 
NOR circuits 461 and 462 and a majority circuit 463. Responsive to the first bit XIO of the first subdata 
discnmination signal SDP and the second bit Y30 of the second subdata discrimination signal SDQ the 
« Exclusive OR circuit 461 produces a first logical output signal. Supplied with the second bit X30 of the first 
subdata discrimination signal SDQ and the first bit YIO of the second subdata discrimination signal SDP. the 
Exclusive NOR circuit 462 produces a second logical output signal. 

When the first and the second analog signals DP and DQ have the amplitude levels of the output signal 
points Aij (Rg. 2), both of the first and the second logical output signals have binary value "I" whichever 
so quadrant the output signal point Aij may be. On the other hand, when the first and the second analog 
signals DP and DQ have the amplitude levels of the output signal points Bij. both of the first and the second 
logical output signals have binary value "0". It will readily be understood that the binary values of the first 
and the second logical output signals correspond to those of the subdata signal. 

In the manner described before, the first and the second logical output signals have the first bit rate f 
The subdata signal SUB has the second bit rate f, which is equal to f/m. In the first and the second logical 
output signals, same codes, m in number, may last In succession while one of the binary bits continues in 
the subdata signal SUB. This is because the first and the second main data signals are modulated by 
subdata signal SUB. But. a discrimination error may occur in outputs of the first and the second analog-to- 
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digital converters 44 and 45. This is because Hie first and the second analog signals DP and DQ has a 
small level difference relative to the reference levels of the first and the second analog-to-dlgltal converters 
44 and 45. This means that the code error or errors may appear in the succession of m bits of the first and 
the second logical output signals. As a result, the reproduced subdata signal SUB' has a reduced code 
6 error rate. " 

In order to get rid of an influence of the code error of the first and the second logical output signals, 
each of the first and the second logical output signals is delivered in bit series to the majority circuit 463. 
For each of the first and the second logical output signals, the majority circuit 463 carries out a majority 
decision known in the art with regard to the succession of m bits which may include the code error or 

to errors. The majority circuit 463 produces an output signal In which a resutt of the majority decision lasts m 
bits. The output signal of the majority circuit 463 Is the reproduced subdata signal SUB'. Thus the code 
error rate of the reproduced subdata signal SUB' is Improved. The code error rate depends on the positive 
integer m and the phase difference a. It is therefore desirable that the positive integer m and the phase 
difference a should be a large number and a large difference. The phase difference a is, however, restricted 

rs to wfS 01 radian in the manner described hereinbefore. 

Referring again to Rg. 4. the processing unit 42 will be described more in detail. The processing unit 
42 comprises first through fourth phase shifters 47 to 50 and first through fourth additional analog-to-dtgitel 
converters 51 to 54. The first phase shffter 47 comprises a first attenuator 471 and a first subtracter 472 and 
is for shifting the phase of the first analog signal DP with the second analog signal DQ used as will be 

20 described later, likewise, the second shifter 48 comprises a second attenuator 481 and a first adder 482 and 
is for shifting the phase of the first analog signal DP. The third phase shifter 48 comprises a third attenuator 
481 and a second adder 482 and Is for shifting the phase of the second analog signal DQ with the first 
analog signal DP used as will be described later. Similarly, the fourth phase shifter 50 comprises a fourth 
attenuator 501 and a second subtracter 502 and is for shifting the phase of the second analog signal Da 

25 In the first phase shifter 47. the first attenuator 471 attenuates the amplitude level of the second analog 
signal DQ by an attenuation factor which will presently be described. The first attenuator 471 thereby 
delivers an attenuated signal to the first subtracter 472. The subtracter 472 subtracts the amplitude level of 
the attenuated signal from the amplitude level of the first analog signal DP and delivers an output signal 
namely, a first phase shifted signal DP„ a , to the first additional analog-to-digttal converter 51. 

so In the example being illustrated, the attenuation factor of the attenuator 471 is equal to tana The first 
phase shifted signal DP«. a is therefore given by: 

Ap«cosfl •Aa«sinS«tana = K«cos(0 + a), 
where Apand Aq represent amplitude levels of the first and jthe second analog signals DP and DQ o 
represents the phase of the first and the second analog signals DP and DQ. and K represents a constant 

ss Thus, the first phase shifted signal DP* a has a leading phase of . radian relative to the first analog signal 

Likewise, the second phase shifter 48 supplies the second additional analog-to-digital converter 52 with 
asecond phase shifted signal DP^ having a lagging phase of a radian relative to the first' analog signal DP 
The third phase shifter 48 supplies the third additional analog-to-digital converter 53 with a third phase 
40 shifted signal DQ*« having the leading phase of a radian relative to the second analog signal DQ The 
fourth phase shifter 50 supplies the fourth additional analog-to-digital converter 54 with a fourth phase 
shifted signal DOa having the lagging phase of a radian relative to the second analog signal DQ 

When the first and the second analog signals DP and DQ correspond to the output signal points Aij 
(Fig. 2). a combination of the first and the third phase shifted signal DP. a and DQ+ a represents each of the 
additional signal points Cij. The first and the third phase shifted signals DP. a and DQ«. a therefore have the 
four amplitude levels ±L and t3L When the first and the second analog signals DP and DQ correspond to 
the output signal points B« (Rg. 2). the second and the fourth phase shifted signals DP ^ and DQa each of 
which has the lagging phase of o radian have the four amplitude levels of ±L and ±3I_ 

The first through the fourth additional analog-to-digital converters 51 to 54 have first through seventh 
reference levels of 0. ±l_ ±2L, and ±3L and carry out a multilevel discrimination on the first through the 
fourth phase shifted signals DP. a . DP^. DQ* a , and DO*,. The first additional analog-to-digital converter 51 
produces a first main data discrimination signal as a first processed digital signal PPI represented by first 
through third bits XII to X3I. The first processed digital signal PPI corresponds to the output signal points 
Aij. Likewise, the second additional analog-todigital converter 52 produces a second processed digital 
signal PP2. The second processed digital signal PP2 corresponds to the output signal points Bij and is 
represented by first through third bits XI2 to X32 The third additional- analog-to-digital converter 53 
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produces a third processed digital signal PQI. The third processed digital signal PQI corresponds to the 
output signal points Alj and Is represented by first through third bits Yll to Y3I. The fourth additional analog- 
tehdigital converter 54 produces a fourth converted digital signal PQ2 which corresponds to the output 
signal points Bij and which is represented by first through third bits YI2 to Y32. 
s Referring again to Fig. 5, the selecting unit 43 comprises a delay circuit 431 and a selector 432 and Is 
supplied with the first through the fourth processed digital signals PPI, PP2, PQI. and PQ2 and the 
reproduced subdata signal SUB'. The delay circuit 431 is for giving a delay to the first through the fourth 
processed digital signals PPI. PP2, PQI. and PQ2 so as to keep bit synchronism between each of the first 
through the fourth processed digital signals PPI. PP2. PQI. and PQ2 and the reproduced subdata signal 
to SUB'. This is because the reproduced subdata signal SUB' has a time lag as a result of the majority 
decision described before. The time lag is equal to m bits of the first and the second subdata discrimination 
signals SDP and SDQ. Each of the first through the fourth processed digital signals PPI. PP2 PQI and PQ2 
has a bit rate which is equal to that of the first and the second subdata discrimination signals' SDP and 
SDQ. The delay circuit 431 has therefore a delay of m bits which are given by each of the first through the 
rs fourth processed digital signals PPI, PP2. PQI. and PQ2. * 

Reference will again be had to Rg. 4. When the reproduced subdata signal SUB' has the binary value 
"I", namely, when the first and the second analog signals DP and DQ correspond to the output signal points 
Aij. the selecting unit 43 selects the first and the third processed digital signals PPI and PQI and produces 
the first and the third processed digital signals PPI and PQI as first and second output signals OPI and OQI 
so When the reproduced subdata signal SUB' has foe binary value "0". namely, when the first and the second 
analog signals DP and DQ correspond to the output signal points Bij, the selecting unit 43 selects the 
second and the fourth processed digital signals PP2 and PQ2 and produces the second and the fourth 
processed digital signals PP2 and PQ2 as the first and the second output signals OPI and OQI 

The first output signal OPI is represented by first through third bits XI', X2', and X3. The second output 
25 signals OQI is represented by first through third bits Yl'. Y2\ and Y3. A combination of the first and the 
second bits XI' and X2' of the first output signal OPI is a reproduced signal of the first main data signal 
MPI. Another combination of the first and the second bits Yl' and Y2' of the second output signal OQI is a 
reproduced signal of the second main data signal MQI. Third bits X3 and Y3 of the first and the second 
output signals OPI and OQI are phase deviation signals of the first and the second analog signals DP and 
so DQ, respectively. * H «.u 

The first and the third bits of the first and the second output signals OPI and OQI are delivered to a 
phase deviation detecting circuit 55. The phase deviation detecting circuit 37 produces a phase control 
signal PC in response to the first bits XJ' and Yl' and the third bits X3 and Y3 of the first and the second 
output signals OPI and OQI. The phase control signal PC is delivered to a voltage controlled oscillator 56 
as The voltage controlled oscillator 56 produces a local oscillation signal which Is phase-locked to the phase 
control signal PC. Such a phase-locked loop operation is described in Japanese Published Unexamined 
Patent Application No. 131151/82 by the present applicant and will not be described any longer. 

Referring to Rg. 6. a multilevel demodulator according to another aspect of this invention is for use as a 
counterpart of whichever of the multilevel modulators illustrated with reference to Figs. I and 3 A subdata 
reproducing unit 57 is used instead of the subdata reproducing circuit 41 described in conjunction with Rg 
4. In other respects, the multilevel demodulator is similar to that illustrated with reference to Rg. 4 

The subdata reproducing unit 57 comprises a subdata reproducing circuit 58, a low-pass filter 59 and 
an analog-to-digital converter 60. In the manner which will later be described in detail, the subdata 
reproducing circuit 58 is implemented by analog circuits. Supplied with the first and the second analog 
45 signals DP and DQ from the phase detector 40. the subdata reproducing circuit 58 reproduces a 
reproduced analog subdata signal DH in the form of an analog signal. 

Referring to Rg. 7. the subdata reproducing circuit 58 comprises first through fourth phase shifters 581a 
to 58ld, first through sixth full wave rectifiers 582a to 582f. first through third subtracters 583a to 583c first 
through third analog switches 584a to 584c. and an adder 585. The subdata reproducing circuit 58 further 
cpmpnses a discrimination circuit 586. an Exclusive-OR circuit 587. a selector 588. and an amplitude 
modulator 583. Such a reproducing circuit 58 is described in Japanese Published Examined Patent 
Applicatjon No. 698783 by the present applicant Therefore, description will be made with regard to parts 
which are operable in specific conjunction with this invention. 
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If the phase detector 40 (Rg. 6) is supplied with the conventional multilevel quadrature amplitude 
modulated signal, the subdata reproducing circuit 58 serves to produce a phase deviation signal of a 
reference carrier signal reproduced in the multilevel demodulator. In the example being illustrated the 
phase detector 40 is supplied with the composite modulated signal comprising the phase modulated 
component which has the phase differences of ±a radian in accordance with the binary values of the 
subdata signal SUB. Therefore, the subdata reproducing circuit 58 produces the reproduced analog subdata 
signal DH In place of the phase deviation signal. 

Briefly, a combination of the first and the second full wave rectifiers 582a and 582b and the first 
subtracter 583a serves to produce a first processed analog signal DJ in response to the first and the 
second analog signals DP and DQ. Responsive to the first and the second analog signals DP and DQ a 
combination of the first and the second phase shifters 581a and 581b. the second and the third full wave 
recbflere 582c and 582d, and the second subtracter 583b serves to produce a second processed analog 
J 9 "? °Ir R i espanave to the first and the second analog signals DP and DQ. a combination of the third and 
fte fourth phase shifters 581c and 58ld. the fifth and the sixth full wave rectifiers 582e and 582f. and the 
third subtracter 583c also serves to produce a third processed analog signal DM * 

diJ^n^^if^S" tS ^ i w and Bii ' ** daSS,fled ^ fi,St throU9n f0urtn shown in Rg. 8. The 

k 58 ? !i for dtscnm,nalin S t**® 0 ™ <* °WP«t signal points Afi or Bij and produces 

first forough fifth d.scnminabon signals Ql to 65 as discrimination results. The third discrimination signal G3 
tea logical sum signal of the first and the second discrimination signals Gl and 02. The first analog switch 
Shallows ihe first processed analog signal DJ to pass through on reception of a negation signal 03 0 f 
the third discrimination signal 63. The second and the third analog switches 5B4b and 584c allow the 
second and foe third processed analog signals DK and DM pass through on reception on the first and foe 
second discnminabon signals 61 and 62. respectively. With regard to the first quadrant of the phase plane 
foe first processed analog signal DJ is supplied to foe adder 685 when the first and foe second analog' 
signals DP and DQ correspond to one of foe output signal points All. AW. BII. and BI4. The second 
processed analog signal DK is supplied to the adder 585 when foe first and the second analog signals DP 
STt^T^n 10 °^ PUt 819081 *** nte M2orB]Z - J ^ third processed analog signal DM is supplied 
ft ^.f ™ firet 311(1 ** S8COnd q P and DQ correspond to the output signal 

points AB or BO. On foe other hand, foe amplitude modulator 589 carries out amplitude modulation in 
response to the fourth discrimination signal G4. 

The reproduced analog subdata signal DH has three different levels In accordance with foe positions of 
the output signal points Aij and Bij. This is because foe output signal points Aij and Bij are arranged along 
fores i concentnc circles which have different diameters and a common center at foe origin 0 as shown in 
Rg- 2. For example, the three different levels are defined by AIIBII. A12BI2, and AI4BI4 in Rg. 2. Therefore 
foe reproduced analog subdata signal has an Instantaneous level which varies among foe three different 

ntJ 1 ^ t0 B f f™ 9 . 8 * e "T 6 different teve,s of reproduced analog subdata signal DH. the low-pass 
filter 58 (Rg. 6) is given a bandwidth defined by approximately Mn. In addition, the tow-pass filter 59 

S!f P fi 'S S !L ^ ^ ° f tflS J reproduced anaJ °9 ^nal DH and a residual jitter component of 

^JSLf? ""J? JT. ^ Si9naSs MPI and MQI ' signal of the low-pass filter 59 is 

Z^JSZZgSg 1 60 * 3 ^ *~ * 8 3i " 9te ^ * is *° 

^^^f^t 360 ^^ ^a,^9ly ■ ™ average discrimin ation level for foe reproduced subdata 

fofSL H l d Sl?H A,2B , 1 i • (R9 - 2) ' °" me 0ther h8nd ' * e avera 9 e ^crimination level 
for foefiret and thesecond main data signals is defined by 2L In the example being illustrated, foe code 
error rate of each of the_first and the second reproduced main data signals is superior to that of foe 
reproduced subdata signal SUB' by approximately 6 dB. But. when the positive integer m is equal to eiqht 
Je code enor rate of the reproduced subdata signal SUB' is improved by approximately 9 dB because of 
the improvement of the thermal noise by the use of the low-pass filter 59 (Rg. 6). Rnally. the code error 
rate of the reproduced subdata signal SUB' can be improved by 3 dB as compared with the reproduced 
first and the second main data signals. 

Referring to Rg. 9. a multilevel demodulator according to still another aspect of this invention is for use 
as a counterpart of whichever of the multilevel modulators illustrated with reference to Rgs. I and 3. 

The multilevel demodulator comprises an intermediate-frequency amplifier 61. a phase detector 62 a 
converting unit 63. a subdata reproducing unit 64. and a main data reproducing unit 65. In the manner 
which will later be described in detail, both of foe subdata and the main data reproducing units 64 and 65 
are implemented by digital circuit. 



8 



0 238 822 



ss 



Supplied with the composite modulated signal CM', the intermediate-frequency amplifier 61 amplifies 
the composite modulated signal CM' and delivers an amplified signal to the phase detector 62. The phase 
detector 62 carries out phase detection of the amplitude signal with reference to a pair of quadrature-phase 
local earner signals supplied through a voltage controlled oscillator 66. The phase detector 62 delivers first 
s and second analog signals DPI of the channel P and DQI of the channel Q to the converting unit 63. 

The converting unit 63 comprises first and second baseband amplifiers 67 and 68 and first and second 
analog-to-digital converters 69 and 70. Supplied with the first and the second analog signals DPI and DQI 
the first and the second baseband amplifiers 67 and 68 are for amplifying the first and the second analog' 
signals DPI and DQI to deliver first and second amplified signals to the first and the second analog-to-digltal 
to converters 69 and 70. Each of the first and the second analog-to-digital converters 69 and 70 has seven 
reference levels 0. tL, 42L, and ±3L and carries out a multilevel discrimination of a relevant one of the first 
and the second amplified signals. The first and the second analog-to-digital convertere 69 and 70 produce 
first and second converted digital signals DPII and DQII. each of which is given in bit parallel, as first and 
second discnmination signals. Each of the first and the second converted digital signals DPII and DQII mav 
is be an eight-bit signal. . 

Referring afresh to Figs. IO. II. and 12. the subdata reproducing unit 64 will be hereinunder described in 
detail. The subdata reproducing unit 64 comprises a logic circuit 64I, first and second multipliers 642 and 
643. a subtracter 644. and a majority circuit 645. Responsive to first and second upper bits of the first and 
!l!!J eCOnd . converted digital signals DPII and DQII. the logic circuit 641 discriminates positions of the 
so additional signal points Cij corresponding to the first and the second converted digital signals DPII and DQII 
and produces first and second factor data FPI and FQI. As shown In Fig. II, the first and the second factor 
data FPI and FQI take absolute values of unity and three in accordance with the position of the additional 
signal points Cij, in other words, the number of the positive Integer J. As shown in Fig. 12. the first and the 
second factor data FPI and FQI take positive or negative sign in accordance with the positions of the 
25 additional signal points CU, in other words, the number of the positive integer i. 

When the additional signal points Cij are present in the first or the third quadrant of the phase plane, the 
positive integer i is equal to unity or three. The positive integer J Is equal to one of unity through four. In this 
!,T ,' noJ r8 L^U 18 S8C0nd murti P |iere 642 ^ 643 convert the first and the second converted digital 
„ °™ fSL M corresponding to the output signal points Aij to first and second multiplication signals 

30 DMSI and DMS2. respectively, which correspond to the output signal point All (Fig. 2). The first and the 
second multipliers 642 and 643 also convert the first and the second converted digital signals DPII and DQII 
corresponding to the output signal points Bij to the first and the second multiplication signals DMSI and 
DMS2, respectively, which correspond to the output signal point Bll (Fig. 2). 

When the additional signal points Cij are present in the second or the fourth quadrant of the phase 

f"\<! p0S * ve int890r ' is equal to t" 0 or four wnlle me P^itive integer j is equal to one of unity 
through four. In this event the first and the second multipliers 642 and 643 convert the first and the second 
converted digital signals DPII and DQII corresponding to the output signal points Aij to the first and the 
"22 P f J?" Si9nalS DMSI and DMS2 " actively, which correspond to the output signal point 

m nST ■? S8Cbnd mUltip,ierS 642 30(1 643 **» convert the first and the second converted digital 

S m D n Q " c ° rres P° nd,n 9 to °«tP* signal point Bij to the first and the second multiplication 

signals DMSI and DMS2. respectively, which correspond to the output signal point B3I 

Supplied with the first and the second multiplication signals, the subtracter 644'subtracts the second 
multiplication signal DMS2 from the first multiplication signal DMSI and produces a subtraction result signal 
m bit parallel. The subtraction result signal represents a level of the reproduced subdata signal SUB' 

5 « rther ™ re ' me subtraction resuit signal has the most significant bit representative of a positive sign by the 
binary I when the first and the second converted digital signals DPII and DQII correspond to the output 
signal point Aij. On the other hand, the subtraction result signal has the most significant bit representative of 
a negative sign by the binary "0" when the first and the second converted digital signals DPII and DQII 
correspond to the output signal point Bij. Therefore. It Is possible to discriminate whether the output signal 

) points are Aij or Bij by discriminating the sign of the most significant bit of the subtraction result signal. The 
majonty circuit 645 carries out a majority decision on the most significant bit of the subtraction result signal 
by counting the bmary T and "0" of the most significant bits, m in number. The majority circuit 645 
produces an output signal in which a result of the majority decision lasts m bits. The output signal is the 
reproduced subdata signal SUB'. a 

Referring to Fig. 13. a subdata reproducing unit 64' is similar to that illustrated in Fig. 10 except that a 
u «£2Th f 3 d J 9,N - t °- anal0 9 converter 646 ' a '^-Pass filter 647. and an analog-to-digital converter 648 
♦f" Jl^ 9 ^ 10 !^ ° irCUil 645 (Rg - ^ Supplied wth subtraction result signal in bit parallel 
from the subtracter 644. the digital-to-analog converter 646 converts the subtraction result signal to an 
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analog _ signal. The analog signal has a bandwidth restricted by the low-pass filter 647 which has the same 
bandw«d* as the low-pass filter 59 described in conjunction with Fig. 6. The low-pass filter 647 delivers a 
filtered signal to the analog-to-digital converter 64a The filtered signal is converted by the analog-to-diqital 
converter 648 to the reproduced subdata signal SUB' of a single bit 

Referring to Figs. 14 and 15. the main data reproducing unit 65 comprises a logic circuit 651, a delav 
circuit 652. first and second multipliers 653 and 654. and first and second adders 655 and 656 The looic 
circuit 651 produces first and second factor data FP2 and FQ2 in response to the reproduced subdata signal 
^ 2°"!! RjJ - ,5, When * e re P rDduced subdata signal SUB' corresponds to the output signal 
points AHFig. 2). the logic circuit 651 produces the first factor datum FP2 of -tan« and the second factor 
datum FQ2 of ten«. To the contrary, when the reproduced subdata signal SUB' corresponds to the output 
signal points Bij (Rg. 2). the logic circuit 651 produces the first factor datum FP2 of tana and the second 
factor datum FQ2 of -tana. 

The delay circuit 652 has the same delay time duration as the delay circuit 431 described in conjunction 
with Rg. 5. A combination of the first and the second multipliers 653 and 654 and thp first and the second 
ts adders 655 and 656 is a digital calculator and carries out the following digital calculation: 
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where OPII and OQB are addition results of the first and the second adders 655 and 656. respectively. In the 
matrix given above, a pair of plus and minus signs will be called a sign pair. When the reproduced subdata 
signal SUB corresponds to the output signal point Aij (Fig. 2). an upper sign of the sign pair is used. When 
30 Sn^Sl 8 Si9nal SUB ' COTOSponds t0 * 8 ""P* *** P** K i 5. a lower sign of the 

nrS^S^ *t Rfl ' , 2,eachofth8 outout ^ P° int AO of Bij may be considered as a vector (DPII. 
°2' 4B ? "I 8 is 8 constant above digital calculation rotates the output signal 

point Aij by « radian around the origin 0 counterclockwise and rotates the output signal point Bij by* radian 

2E?J5?*f ° C 'f <WiS8 - Theref0re - «* first ■* *■ Edition results OPII and OQII correspond 

to ^additional signal points Cij (Rg. 2) no matter whichever of the output signal points Aij and Bij thefirst 
and the second converted digital signals DPII and DQII may correspond to. Namely, each of theS and 
tte second addrton results OPII and OQII is a signal wherein each of the first and the second concerted 
dg* signals DPI. and DQII is derived of the phase modulated component rnoduIatedT^eTuSate 

"f?" 1 " 9 « R9 - 9l thB firSt and * e 5600,1(1 add9rs 855 and 656 produce the first addition result 
ORI^resented by first through third bits XT. X2'. and X3 and the second addition result OQII represented 
by first through third bite YT, Y2', and Y3. respectively. representee 

™»J? EJT ** Y ? "J*"?"* * ***** devia6on of fte f(TSt ■* ma *«"«» amplified signals. 
ZTr' l^LJ^ 8 ' 9na,S 01 the firet and tne sec 0 ™* analog-tOHligital converters 69 and 70 and 

are defivered to the first and the second baseband amplifiers 67 and 68 through a low-pass filter 71 The 

» tnTvt r P , RfierS 67 and 68 Contro ' a dc - out P* ■«■» thereof in response to the 

Sl J^r w f ?"?J? y I" ' 0W * PaSS filt8r ^ * a result 11 is P° ssibl9 to compensate for a drift of 
rtLrZlZ^ • m ^ second am P ,ified «"B»*. Such a drift compensation of the 

demodulator is desenbed in United States Patent No, 4.488.050 issued to Yosuharu Yoshtda, the instant 
applicant, and assigned to NEC Corporation. rosnraa, uie instant 

**?JT l09iC ?S* I 2 for controllin 9 a 9**" of «» intermediate-frequency ampfifier 61 and another 
?? J J k^ 00 ^ S 386 ampnfier 68 80 ^ to the first and the third bits XI and Yl. and X3 and 
Sates HE Z ?^?£? ad f?' 0n reSUltS ° P " 3nd ° Q,L Such a ^ circaa ■» bribed in United 
C^PorefioT 10 ^ Y0Shida * tha instant ap P ,icant ' md assigned to NEC 

conjunctiS^g. T** * ^ V °' te98 C0 ' rtro " 6d osa ' llator 66 in *■ manner described in 
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ho JHH 9 ' i te ^f ib,e 10 redUCe 3 Characteristic degradation due to imperfectness of hardware of the 
■ 2 ^ r n 8nd th8 SUbdata ^ « produced by the digiteT^cltoioT 

«. JU"! *!? lnVe .? tion has **" been described in conjunction with several preferred embodiments 

lT m l ' "E* te TT? 1,1089 SW,,ed i0 ** « 10 pUt «* mention L 

n^LTn hTc ^ r Hr amPl9 ; I" flRSt ^ ^ S9C ° nd main data mav represented by differ^ 

an odd number Furthermore, the number of bits of the first or the second main data signal may be equal to 
Z°TL*Z thr89 - f! 0 ^ *• number of *• output signal points of the composite modu.ate? S ignS 
£££££ fa ? eV8n !: " ' S r6adily ° nd9r5t00d 1,191 *" ^to-digite. converters and the £c 

mlSw L T** " Umb9r ° f bitSt 80(1 1,191 *• phase difference - ^e positive integer 

m should be modified for optimum operation. ^ ,H8tfW 
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a J±Ti^ rS ^ Ulrt0r m ° dUlat,n9 9 firet and a S9cond main ^ signal and a subdata signal into 
ISSSS 1 ' e8Cn ° f " id firSl and Mid second mai " d «ta signals being represented by 

SLSSfh "1 S 9 POSiBV9 ,nte9er which ,s not less *an two said subdata stand belnj 

^Snn" ^ ° 3 flr5t T 8 "° 0nd bin9ry V9lUe 91 8 tim * wherein ^ improvement comprises. 
mod t?!Z ™rt 9 10 99,(1 firet 90(1 S3id second mBi " data signals and said subdata sTgnal for 
f . . SeCOnd m9,n d9t9 9,99913 "* said into ^d compose 

9 L ^h^ 81 " 9 9 qU9dr9lUr9 9mpliUJde modu,ated component and a phase moSClated 
component, said quadrature amplitude modulated component being modulated by said first and I 2d 
second man date signals and having 2- output signal points on a phase plane, said ^^moXlS 
component being modulated by said subdata signal. modulated 

nh A mUm ^ e ! IT OdUl9l0r 98 dairned ln C,aim wherein aaid modulating means comprises: 

!T ' " 9 , meanS res P° neive to a Pa^ of quadrature-phase carrier signals and said subdata 

said^nS^lTll^ 8 m0dulat ; n9 m9ans res P° nsive to said first and said second main date signals and 
2d f d hTT 9 ?* f" amP ' itUde m ° dulatin 9 said Phase modulated component by said Srt 

and sad second mam data signals into said composite modulated signal y 

35 ohei iZZT 1 f m0dU,a, ° r !? ^T 9 * 1 Ctaim 2 ' wherein said Phase modulated component has a first 
SnZrtSTS-t? ! i : ad,a " ra ' atiVe to 63,(1 P air °f Quadrature-phase canier signals where « is not 
greater than ^ when said subdata signal has said first binary value, said phase modulated component 

when said subdata signal has said second binary value s'gnms 

40 ™ A 7 lnleVel m0dUlat ° r " C,9imed in C,aim wherei " saii d modulating means comprises: 

converting means responsive to said first and said second main date signals and said subdata siqnals for 

conSedCfSd 8nd SeCO " d ^ ^ Si9na,S by S9id -^signal into a fir^d tsecoS 

« a J^H!! a amp,itude w modulat,n 9 m aans responsive to a pair of quadratun>phase carrier signals and 
« sad first and said second converted signals for amplitude modulating said pair oTquadrature-phaSe caJter 
signals by sa.d first and said second converted signals into said composite modulat^S 
m J; t l?T 7 modulator for modulating a main date signal and a subdata signal into a composite 
modulated signal, sad man data signal being represented by first through N-th bite where N tern odd 

so IT SUbd9ta Si9nal b8in9 r9pr9Sented * one of 8 fi "* and a'econd ^ vie a a time 

so wherein the improvement comprises: y ' 

modulafing means responsive to said main date signal and said subdata signal for modulatino sad main 
date signal and said subdata signal into said composite modulated signal comSZo oSdrZ^ 

component being modulated by said main data signal and having 2 M output siona ooints on VnhZ Z . 
55 said phase modulated component being modulated by said subdata sigT * P ^ 

6JV multilevel demodulator for demodulating a composite modulaed signa comprisina a multilevel 
quadrate™ .amplitude modulated component modulated by a first and a second mTn S sLTand a 
Phase modulated component modulated by a subdata signal, each of said first and said second main^at" 
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9 T ST 9 rep [ e f anted bv through rHh bits and having a first bit rate f, where n represents a 
posfove integer whrch is not less than two. said subdata signal being represented by one of a first and a 
second binary value at a time and having a second bit rate f, which is not greater than said first bit rate 
divided by a predetermined natural number m. said phase modulated component having a first phase 
When 83,(1 ***** ^Snal is represented by said first binary value, where * is not 
greater than said phase modulated component having a second phase difference of minus « radian 
when sad subdata signal is represented by said second binary value, said demodulator comprising 
detecting means for phase detecting said composite modulated signal to produce a first and a second 
phase detection signal, wherein the improvement comprises: 

10 c J Bpn ? dudn9 ""P 1 * 1 to 3861 detectin 0 for reproducing a reproduced subdata signal and a 
first and a second reproduced main date signal in response to said first and said second phase detection 
signals. 

7. A multilevel demodulator as claimed in Claim 6. wherein said reproducing, means comprises- 
subdata reproducing means responsive to said first and said second phase detection signals for 
ts reproducing said reproduced subdata signal; and • y 

Bn JlSn^^r*"? 9 meanS responsiv8 to 831(1 firet ■*» second phase detection signal for 
reproducing said first and said second reproduced main data signals in accordance with said reproduced 
subdata signal. 

a A muWte^demodulator as claimed in Claim 7. wherein said subdata reproducing means comprises: 

erJ^t^S fT*? 9 m ^L reSp0 ™ to 53113 first ™ d «id second phase detection signals for 
converting said first and said second phase detection signals to a first and a second digital signal; and 

reprSu^su P ^ignr nS * ^ ^ ^ ^ ^ for produCln * Said 

9. A multilevel demodulator as claimed in Claim 8. wherein said subdata producing means comprises: 
logic circuit means responsive to said first and said second digital signals for carrying out a loaical 

operation on said first and said second digital signals to produce a first and a second logical output signal; 

rrtajorfty circuit means responsive to said first and said second logical output signals for carrying out a 
majority decision on 2m-bite which are equal to a sum of m-btts of said first logical output signal and m-brte 
of said second logical output signal to produce a result signal as said reproduced subdata signal 

10. A multilevel demodulator as claimed in any one of Claims 7 to 9. wherein said main data 
•reproducing means comprises: 

nJ^f^T 3 "IS?.? • sa / d detecfin9 means for Processing said first phase detection signal to a 

„ r _!^^ ! msans co °P ,ed to said processing means for selecting one of said first and said second 
proc^edd^fcalsignals and one of said third and said fourth processed digital signals in accordance with 
said predetermined one of the binary values of said reproduced subdata signal 

n. A multilevel demodulator as claimed in Claim 10. wherein said processing means comprises: 

40 nh JfSLiS T^^TT^ 6 to fln * 8nd S3id second P hase detection signals for shifting a 
£Z5* JZ??l P ^^f* 0 " a0naI to produoe a first «• 3 second Phase shifted signal and a phase 
sairl^l^H-Sf 60 " f 9 r ,to ProdUCe 3th,rdanda fourth P h3s e shrfted signal, said first and 
shifted signals having a leading and a lagging phase of « radian relative to said first 
phase detection signal said third and said fourth phase shifted signals having a leading and a lagging 

45 phase of a radian relative to said second phase detection signal; ^ ^ 9 9 

tJH^tSiL T^" 9 responsive to ^d first ^ough said fourth phase shrfted signals for 

SUSabI Ph3S8 Shiffed Si9nalS t0 831(1 firSt thr0U9h 881(1 fourtn Processed 

12. A multilevel demodulator as claimed in Claim 6. wherein said reproducing means comprises- 
50 * ot °? nVertm9 m8an8 to *** detecting means for converting said first and said second phase 

detection signals to a first and a second converted digital signal; 

subdata reproducing means responsive to said first and said second converted digital signals for 
reproducing said reproduced subdata signal; 9 8 

main date reproducing means responsive to said first and said second converted digital signals for 
subSa s^naT 1 S8COnd reproduced main date signals in accordance with said reproduced 
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I3 : A multilevel demodulator as claimed In Claim 12, wherein said subdata reproducing means 
comprises: 

logic circuit means responsive to said first and said second converted digital signals for camring out a 
ogical operation on said first and said second converted digital signals to produce a first and a second 
factor datum; and 

digital processing means responsive to said first and said second converted digital signals and said first 
and said second factor data for processing said first and said second converted digital signals and said first 
and said second factor data into said reproduced subdata signal. 

14. A multilevel demodulator as claimed in Claim 13. wherein said digital processing means comprises- 
a first multiplier responsive to said first converted digital signal and said first factor datum for multiplying 

said first converted digital signal by said first factor datum to produce a first multiplication signal; 

a second multiplier responsive to said second converted digital signal and said second factor datum for 
mu tiplyinfl said second converted digital signal by said second factor datum to produce a second 
multiplication signal; 

a subtracter responsive to said first and said second multiplication 'signals for subtracting said first 
multiplication signal from said second multiplication signal to produce a subtraction result signal- and 

a majority circuit responsive to said subtraction result signal for carrying out a majority decision on a 
succession of m bits of said subtraction result signal to produce a discrimination signal as said reproduced 
subdata signal. 

15. A multilevel demodulator as claimed in Claim 13, wherein said digital processing means comprises- 

a first multiplier responsive to said first converted digital signal and said first factor datum for multiplyino 
said first converted digital signal by said first factor datum to produce a first multiplication signal- 

a second multiplier responsive to said second converted digital signal and said second factor datum for 
muH..py.ng said second converted digital signal by said second factor datum to produce a second 
multiplication signal; 

a subtracter responsive to said first and said second multiplication signals for subtracting said first 
multiplication signal from said second multiplication signal to produce a subtraction result signal- 

a digital-to-analog converter coupled to said subtracter for converting said subtraction result'signal to an 
analog signal; 

a low-pass filter coupled to said digitaMo-analog converter for extracting a predetermined band of said 
analog signal to produce a filtered signal; and 

an analog-to-digital converter coupled to said low-pass filter for converting said tittered signal to a digital 
signal as said reproduced subdata signal. 

16. A multilevel demodulator as claimed in Claim 12. wherein said main data reproducing means 
compnses: 

logic circuit means responsive to said reproduced subdata signal for carrying out a logical operation on 
said reproduced subdata signal to produce a first and a second factor datum; and 

digital processing means responsive to said first and said second converted digital signals and said first 
and said second factor data for processing said first and said second converted digital signals and said first 
and said second factor data into said first and said second reproduced main data signals 

17. A multilevel demodulator as claimed in Claim 16. wherein said digital processing means comprises: 

a first multiplier responsive to said first converted digital signal and said first factor datum for multiplying 
said first converted digital signal by said first factor datum to produce a first multiplication signal- 

a second multiplier responsive to said second converted digital signal and said second factor datum for 
muU.ply.ng said second converted digital signal by said second factor datum to produce a second 
multiplication signal; 

a first adder responsive to said first converted digital signal and said second multiplication signal for 
adding said first converted digital signal to said second multiplication signal to produce said first reproduced 
main data signal; and 

a second adder responsive to said second converted digital signal and said first multiplication signal for 
adding sa.d second converted digital signal to said first multiplication signal to produce said second 
reproduced main data signal. 

18. A multilevel demodulator for demodulating a composite modulated signal comprising a multilevel 
quadrature amplitude modulated component modulated by a main data signal and a phase modulated 
component modulated by a subdata signal, said main data signal being represented by first through N-th 
bits and having a first bit rate f, where N represents an odd number, said subdata signal being represented 
by one of a first and a second binary value at a time and having a second bit rate f, which is not greater 
than said first bit rate divided by a predetermined natural number m. said phase modulated component 
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having a first phase difference of plus a radian when said subdata signal is represented by said first binary 
value, where a is not greater than »/2« said phase modulated component having a second phase difference 
of minus or radian when said subdtfa signal is represented by said second binary value, said demodulator 
compnsing detecting means-for phase detecting said composite modulated signal to produce a first and a 
5 second phase detection signal, wherein the Improvement comprises: 

reproducing means coupled to said detecting means for reproducing a reproduced subdata signal and a 
first and a second reproduced main data signal in response to said first and said second phase detection 
signals. 
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